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A photo showing that a 
knot is a part of a 
branch enclosed in七oa
trunk and a branch i.e. 
を見つける方法である。前報1)ではカナダj)ffSPF(Spruce， Pine. Fir) a knot starts from the 
材・のパイン(3 cm X 8.5cm)を用いた出げ繰返し負荷による節潤辺の発 pith. 



















Fig. 2 存自ií1~監の*，，，vlJ返し 4 }.試1げ試験の様子
A photo of four剛pointrepeated bending of lumbel' in・






→『圧縮縁 compressionedge C 
u， 1Hz ト sl~長縁 tension edge T 
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Fig. 3 引 ~J~jlilJ外線道くに節があるj必 f?の総返し 1111 げに伴う i山支変化と ì'Jíi' i'l91111 げ1波浪の形態
吋 lまj制退佼iftを訴す。
Photos of tempel'atul'e changes of a lumb邑rincluding an edge Imot at the tension side in repeated four 
point“bending， and a photo of its failure in statieal bending. 
Arr・owsindicate positions oflumbel' edges. 
いては便宜上，試験体の放射取を1.00として計測した。また，閥質令改議するため 0.25秒/フレー
ムで取り込んだ4フレームを平均した依をmいた。
2. 1. 2 測定結泉
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Photos oftωempe町raωtur唱echanges of a lumbヲe釘ri加ncludi凶nga centむra心11:口no“tin four poωIlね叫ヨ比t.ゐ記釘叩ndi泊ng.
検出は応力等級区分の考えにかなっている。















A photo of repeat叫 compressionload揃




















一←友縁 left edge L 
4ト右綴 right 巴dge
一倉田中心軸 central 1 ine N 
→←筋肉音 inthe knot I 
o 2000 4000 60心o 8000 10000 
繰返し持議 (kgf) 
Repeated load 






Photos of temperature changes oflumber Il1cluding an edge knot under longitudinal compl'ession. 




















→舟縁 left edge L 
-骨ー 右縁 right edge R 
叫問中心事由 central 1 ine N 
→←節潟翻A around knot A 
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Fig. 8 街宣i:一変位1線のヒステリシス・ループ















G 0.5 1.5 2 
ループ内のエネルギ (J) 







Relationships between "tempel'atu1'e l'ise in 1・e・
peated longitudinal compression" and 、nel'gyloss
by a hyste1'esis loop of a load-def1ection cUl've ob-
tained in static comp1'essionへ
No.13 and 22 are the same specimens as those 
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Jレーブ内のエネルギ (J) 






Relationships between“tempe1'ature rise in r担幽
peated bending" and“ene1'gy loss by a hysteresis 
oop_of aload-deflection curve obtiined-in static 
bending". 
Numbers in the figure indicate specimen numbers. 
No.25 is the same specimen as tl1at shown in Fig.3. 
3 





G 0.5 2 1.5 
ループ内のエネルギ ( J ) 
Energy in a hysteresis loop 
Fig. 1 1争抑:n1レベルにおける荷京一変位IllI*哉の
jレー ブl勾エネルギ、と!ぶ7)集rJ怖のjih伎との関係一
線j返し ~iÆJ五品iìS~ 仰の滋合一荷)((一変{立 1111総を総i返
しs'!j¥lf仁1:1に求めた場合
Fig.lO 参!日L
Relationships between "tempel'ature rise in 1'e-
: 叫 edl 叫 it同加u以ldina州附凶ωlc叫)1'棚
y a hysteresis loop of a load-べdeflec沈t“ioncurve ob-
tainecf in dynamic -compr記ssion"へP¥ . 
Refer to Fig 10. 




















1"ig.12 'iJ~器洗に!日いたブイン'1/ー・ジョイント(1" ]) 
ベイマツ，尚さ:75mm， j学さ::35111 
A photo of a fingar jointed lumbel'(FJ) used for the 
experiment. 
Douglas fir， height:75mm， thickness:35mm 
IHげ術1f…衣 i二:800kgf(183kgflcm2)，teT:900kgf(206kgflcm2)，お」ニ:1000(229kgflcm2)，~:î lご:1100kgf
(251 kgf/ cm 2)。約弧i人jの数字は外縁お力を示す。
→はi~'総 !jl: jl交を示す。
Photos oftempel'叫urechang母softhe FJ in repeated bending. 
Bending load--upper left:800kgf(183kgf/cm2)， lower left:900kgf(206kgf/cm2)， upper right:l000kgf(229kgfl 
cmり， lower right:1l00kgf(251kgf/cmり‘ Figuresin parentheses indicate stress at the edge. 
























300 600 900 1200 
繰返し持軍 (kgf) 
Rep告atedload 
Fig町 14 繰返しIll:l"i"l {11ft: 1'うFJのiIli度変化1>'1)1 
Fig.13とIHJじ試級泳
An example of temperature change of different 
portions of FJ in repeated foul' point-bending. 
The日amespecimen as Fig. 13. 
TH:hot portion at tension edge， CH:hot portion 
at compl'ession edge， CE:compl'ession edge， 
NA:neutral axis， TE:tensiol1 edge 
Fig.泌 総返し圧縮災械にf!I¥う刊の熱狗if象仰j























400 800 1200 1600 
繰返し荷盤 (kgf) 
Repeated load 
Fig目 15 総返し1げ負荷に1'¥うFJ の楓l支変化例2
(F Jの後続が良好な場合)
Another exampl邑oftempel'ature changes of dif.聞
ferent portions of F J inl'epeated foul' point-bend-
ll1g. 


















An example of tempel'atur‘e change of different 
pOl'tions of F J inl'epeated compl'es日ion.
The same specimen as Fig. 16. 
MH:hottest pOl'tion， LE:left邑dge，CL:centralline， 
RE:right edg記
O 
























スブルースの 2x 4材・ (38mmx 89mm) を
MCで接合し， MCがょにツジワイズになる方向
ドig白18 ~~9tにm~ 、たメタル・プレート・コネクタ (MC)
mいた材はスブルースの 2x 4 ~オ (38111111x 89111)0 ;vl C 
の、htは71111X 178111 X 0.95111 (W i:>) 0 1法}の1毛さ
は8.5-9.0111日1.lH1のITMは3ふnl10
A photo of a metal plate connectol'(MC) coated with 
black mat paint f01・uniformhigh heat l'adiatioI1. 
Lumbel' was 2 x 4 spruce(38mm x 89mm). Size of MC 
was 71mm x 178mm x 0.95mm(thickness). The tooth 

























































An example of temperature change of different portions of MC in repeated bending. 






















? ? ?????? ???



























17.5 ム・，，~事車一 ー 17，5 
o 30日 600 900 0 300 600 
繰返し持議 (kgf) 繰返し街頭








900 。 300 600 90 
(kgf) 繰返し術滋 (kgf) 
Repcatcd load 
Fig， 22 繰返し1げI'l!1Hnこf'l¥う.MCのiluU文変化…材の突きつけ古1にギャッブがある場合
Temperature change of different portions of MC with a gap between lumbers in repeated bending， 
右:@:;ギャッブなし， 1:l火i盟:ギャッブ]mm，お1);(:ギャッブ2mm
Left figure:with no gap， center figure:with lmm gap， right figure:with 2mm gap 






























o 200 400 600 800 1000 
繰返し荷重 (主gf)
Repeated load 
5. 1 測定方法 Fig.24 繰返し縦iîl~lH有利if に f4!う MC のiI乱皮変化例
以上の実験では:iとして応力・ひずみ出i総の An example of temperature change of different por-
tions ofMC in repeated tension， 
ヒステリシスによって生じる発熱を観察した r 
CU:a little upper from the center， CL:a little lower 









Photos of temperatul'e distribution at MC in 1・e-
peated tension(800kgf). 
'l'henem・erthe nails wel'e located to the lumbel'邑nd
ofthe buttjoint， the higher the rIse oftemperatm・e.
J;O.:ili'I1!69 '98 
Fig. 1~) 総返し 1111 げí'n\:f(ニ j'l\ う MC
1げ1¥li:[(- !，:J'.:650kgf， !日 1;:
700kgf，イ'il::750，，{if:800k詰fo
Photos of temp♀ratUl'e changes of 
the MC in repeated bending. 
Bending load--uppel' left:650kgf， 
lower left:700kgf， upper 
right:750kgf， lowel' l'ight:800kgf 
Fig.25 古:!~~!i!jt先I):!l~により求めた ìVIC の 11I1If)'i.\1iit II~' 




Distribution of temp母raturedifおrencebetween 
loading and unloacling ofMC in bending measUl・ed
using thel'mo-elastic effect--no gap at the connec-
tion. 
This distl'ibution is thought to be almost the same 
as that of stresses in hOl・izontalclil'ection. 




ひistributionof temperatul'e diffel'ence beい，veen
loading and unloading ofMC in tension measul'ed 
using thermo・elasticef<日ct.
This di日tributionis thought to be almost the same 
as that of stl'esses in vel'tical dil'ection. 
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Summary 
A knot itself is not a portion of stress concentration. But a crack often exists in a knot 01' a1'ound a knot， 
and bending and/or compression stresses will propagate the crack which will often become the origin of 
ultimate failure. Stress-strain relationship at str日ssconcent1'ated portion shows a hy日teresisloop. And 
heat is generated according to th日lossenergy of the hysteresis loop. In this study heat generation was 
observed at crack tips around knots and other defects oflumbcr in bcnding and also in compre呂田ionusing 
infrared thermography. The amount of the gen告ratedheat can be magnified by increasing of rcpetitiol1 
l1umber ofloadil1g 
Al1 outlil1e of stress distribution cal1 be observed usil1g this hysteresi自heatgenpγation thermography， al1d 
the stress distribution il1 a metal plate connector(MC) was observed il1 bel1ding and a180 in tension. The 
l1earer a nail of MC islocated from the butt joint， the greater the share of load transmission distributes. 
This was also observed by another thermographical technique under repeated load using， thermo唱lastic
effect. 
According to th巴re8ultsof thi自serIesof te日tslumbers including def，巴ctswith high stresH concentration 
showed large hysteresis loss el1ergy in their load剛deformationcurve詰bothIn bending and compres日ion.
This fact suggests that measuring not only Young's modu1us but also hy抗日resis]oop(loss energy) will give 
more accur叫巴日tressgrading. 
